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(57) ABSTRACT

A system and method for performing an upgrade 1n a com-
munication network comprising network elements coupled
together to form one or more circuits are disclosed. In one
embodiment, the upgrade 1s generated at a node 1n commu-
nication with the circuits and the method generally comprises
providing a list of circuits or spans available for the upgrade
and receiving iput from a user identifying at least one circuit
to be upgraded or at least one span for the upgraded circuit
and a type of upgrade to be performed. The method further
comprises automatically performing the upgrade.
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METHOD AND SYSTEM FOR PERFORMING
CIRCUIT UPGRADE

BACKGROUND OF THE INVENTION

The present invention relates generally to communication
networks, and more specifically, to upgrading circuits 1n an

optical network 1n a non-service affecting manner.

Today, SONET/SDH 1s the predominant technology for
transport in worldwide public carrier networks. One of the
key attributes of SONET/SDH 1s 1ts ability to provide net-
work survivability in point-to-point, ring, and mesh architec-
tures. Many networks today are based upon fiber-ring archi-
tectures, as evidenced by the proliferation of SONET/SDH
rings all the way from the long-haul backbone to the metro-
politan and regional areas. Ring topologies are important
because SONET uses 1t for protection purposes. Network
operators have become accustomed to the fast, timely recov-
ery capabilities provided by SONET/SDH automatic protec-
tion switching (APS) schemes, such as unidirectional path

switched rings (UPSR)/sub-network connection protection
(SNCP), 1+1 and bi-directional line switched rings (BLSR).

UPSR 15 a closed-loop, transport architecture that protects
against fiber cuts and node failures by providing duplicate,
geographically diverse paths for each circuit. A UPSR net-
work 1s composed of two counter rotating fiber rings; referred
to as the working and protection rings. Adjacent nodes on the
ring are connected by a single pair of optical fibers, which
form the two counter rotating rings carrying tratfic in opposite
directions. Working traific 1s sent on the working ring 1n one
direction on one fiber and copies are transmitted on the pro-
tection ring in the opposite direction over the other fiber. A
destination node 1n the ring receives two signals, one along
cach ring. The node monitors transmission on both fibers and
performs a protection switch to the alternate path 11 1t detects
degraded transmission. In this way, when there 1s a single link
tailure, 1t can recover by switching to the available signal. The

UPSR 1s simpler than the two-fiber (2F) or four-fiber (4F)
BLSRs since it requires only two fibers to operate.

A 2F-BLSR network also has two counter rotating fiber
rings. Each fiber pair between two nodes 1s a full-duplex link.
In this link, half the bandwidth carries working traffic, and the
other half 1s for protection. If there 1s a single link failure, the
working traific that was carried on the link 1s looped back
around the ring using the protection bandwidth of the other
links. A 4F-BLSR network 1s similar to the 2F-BLSR except
that there are two pairs of counter rotating fiber rings. One
pair 1s used for working traific and the other 1s used for
protection.

It 1s often desired to upgrade an unprotected optical circuit
to a path protected optical circuit, or upgrade a UPSR to a
BLSR. Topology upgrade of circuits involves various steps at
a number of nodes in the network. Conventional systems for
upgrading an optical circuit use a set of time consuming and
labor 1intensive manual steps which may require a technician
to be present at each location. Conventional methods for
upgrading circuits require, for example, use of TL1 (Trans-
action Language 1) and 1involve a piecemeal upgrade of the
circuit at each node. Another drawback to these conventional
topology upgrade techniques 1s that they do not provide a
network view of the circuit during the upgrade. Thus, the user
has to remember each step, perform manual checks at each
step, and manually perform each step on each node.

There 1s, therefore, a need for a method and system for
providing automatic in-service circuit upgrades. It 1s desir-
able that the method and system allow for the circuit or
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2

topology of a live network to be modified or converted with-
out losing traffic on existing circuits.

SUMMARY OF THE INVENTION

A system and method for performing a circuit upgrade 1n a
communication network comprising network elements
coupled together to form one or more circuits are disclosed. In
one embodiment, the upgrade 1s generated at a node in com-
munication with the circuits and the method generally com-
prises providing a list of circuits or spans available for
upgrade at the node and recerving input from a user 1dentify-
ing at least one circuit to be upgraded or at least one span for
the upgraded circuit and a type of upgrade to be performed.
The method turther comprises automatically performing the
circuit upgrade.

In another aspect of the invention, a system for performing,
a circuit upgrade 1n a communication network generally com-
prises a graphical user interface operable to provide a user
with a list of circuits or spans available for conversion at a
node and recerve mput from a user identifying at least one
circuit to be upgraded or at least one span for the upgraded
circuit and a type of upgrade to be performed and a processor
operable to automatically perform the upgrade at a circuit
level.

The system and method may be used, for example, to
upgrade a linear circuit to a UPSR or upgrade a UPSR to a
2F-BLSR.

Further understanding of the nature and advantages of the
inventions herein may be realized by reference to the remain-
ing portions of the specification and the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a block diagram of a network according to one
embodiment of the present invention.

FIG. 1B 1s a block diagram of a conversion manager and
network element according to one embodiment of the present
ivention.

FIG. 2 A 1llustrates a linear 1+1 bi-directional circuit before
conversion.

FIG. 2B 1illustrates a UPSR/SCNP circuit after conversion
from the circuit shown in FIG. 2A.

FIG. 3 illustrates a linear 1+1 unidirectional circuit prior to
conversion.

FIG. 4 illustrates a UPSR/SNCP circuit after conversion
from the circuit shown 1n FIG. 3.

FIG. 3 illustrates a linear unprotected circuit prior to con-
version.

FIG. 6 1llustrates a UPSR/SNCP circuit after conversion
from the circuit shown in FIG. S.

FIG. 7 illustrates location of topology upgrade objects
during conversion from an unprotected two-way circuit to
UPSR.

FIG. 8 illustrates location of topology upgrade objects
during conversion from an unprotected one-way circuit to

UPSR.

FIG. 9 1s a flowchart 1llustrating a process for upgrading an
unprotected circuit to UPSR.

FIG. 10 1llustrates a UPSR/SNCP bi-directional circuit
prior to conversion.

FIG. 11 1llustrates a BLLSR/MSSP circuit after conversion
from the circuit shown in FIG. 10.

FIG. 12 illustrates a UPSR/SNCP bi-directional circuit
with UPSR/SNCP prior to conversion.

FIG. 13 illustrates a BLSR/MSSP circuit after conversion
from the circuit shown in FIG. 12.
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FIG. 14 illustrates a UPSR/SNCP circuit prior to conver-
S1011.

FIG. 15 illustrates a BLSR/MSSP unidirectional circuit
alter conversion from the circuit shown in FIG. 14.

FIG. 16 1llustrates a UPSR/SNCP circuit prior to conver-
S1011.

FIG. 17 1illustrates a BLSR/MSSP circuit with UPSR/
SNCP after conversion from the circuit shown 1n FIG. 16.

FIG. 18 1llustrates location of topology upgrade objects
during conversion from a UPSR two-way circuit to BLSR.

FIG. 19 illustrates location of topology upgrade objects
during conversion from a UPSR one-way circuit to BLSR.

FIG. 20 1s a flowchart 1llustrating a process of the present
invention for converting UPSR to BLSR.

FIG. 21 1s a flowchart 1llustrating a process of the present
invention for error recovery during conversion from UPSR to
2F-BLSR.

FIG. 22 1s a system block diagram of a computer system
that can be utilized to execute software of an embodiment of
the present invention.

Corresponding reference characters indicate correspond-
ing parts throughout the several views of the drawings.

DETAILED DESCRIPTION OF THE INVENTION

The following description 1s presented to enable one of
ordinary skill in the art to make and use the invention.
Descriptions of specific embodiments and applications are
provided only as examples and various modifications will be
readily apparent to those skilled 1n the art. The general prin-
ciples described herein may be applied to other embodiments
and applications without departing from the scope of the
invention. Thus, the present invention 1s not to be limited to
the embodiments shown, but 1s to be accorded the widest
scope consistent with the principles and features described
herein. For purpose of clarity, details relating to techmical
material that 1s known 1n the technical fields related to the
invention have not been described 1n detail.

A method and system of the present invention provide the
ability to modify or convert the topology or upgrade one or
more circuits of a live network without affecting traific on
ex1isting circuits (1.€., in a non-service atffecting manner). The
network nodes and links may be reconfigured and the type of
protection used may be changed. As described below, a GUI
wizard 1s preferably used to step the user through the upgrade
process. The GUI wizard provides a network and circuit view
of the upgrade, which allows the user to automatically per-
form and track the upgrade on the entire circuit rather than
having to use TL1 to modify and manually track the upgrade
on each individual node. The system provides the user with
the freedom of manually routing a protect/alternate path or
automatically finds the shortest path for each circuit on a ring.
As described 1n detail below, error recovery 1s an important

part of each conversion. The system handles a number of

critical network and system failures that may occur during the
upgrade procedure and allows the user to restart the upgrade

procedure and complete the upgrade. It failures occur during,
the conversion procedure, there 1s also a mechanism which

allows for a rollback to the prior setup or for completion of the
partially completed conversion procedure.
The present mvention operates 1n the context of a data

communication network including multiple network ele-
ments. The network may be a SONET/SDH network and a

network element may be a terminal multiplexer, an add-drop

multiplexer (ADM), an optical crossconnect (OXC), a signal
regenerator, router, switch, or other optical node interface, for
example. The system and method described herein may be
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4

incorporated, for example, into an optical transport platiorm,
such as ONS 15327, 15454, or 15455 available from Cisco
Systems, Inc.

Referring now to the drawings, and first to FIG. 1A, an
example of a network that may be used in the present inven-
tion 1s shown. The network includes nodes (also referred to as
network elements or NEs) 10 mterconnected by links (spans)
12. A network circuit can traverse one or more NEs 10. Each
intermediate NE 10 performs a cross connect function, con-
necting the circuit data from one link to another to deliver data
to a destination. A conversion manager (CM) 14 runs on a
computer connected to a NE 10. The conversion manager
may operate, for example, on a computerized network man-
agement system (NMS). The network shown 1n FIG. 1A may
be, for example, a SONET network managed via one or more
network management stations. The network shown may be
part of a larger SONE'T/SDH network. The network elements
10 are interconnected by optical fiber links 12 which include
an optical fiber cable or multiple cables connected serially, as
1s well known by those skilled 1n the art. The network ele-
ments 10 may be interconnected by more than one link 12.
Each link 12 carries one or more transport signals, (e.g., STS
(Synchronous Transport Signals).

The conversion manager 14 may run on separate comput-
ers attached to NEs 10, as shown 1n FIG. 1A. A network may
include several conversion manager systems 14 running con-
currently on the same or different computers, connected to the
same or different NEs 120. It 1s to be understood that the
network shown in FIG. 1A 1s only one example and that the
system and method disclosed herein may be used 1n various
types ol network configurations without departing from the
scope of the invention.

The conversion manager 14 may be connected to the NE 10
by an Ethernet link 16 or some other interface (e.g., serial
port, wide area network, wireless connection, or other suit-
able interface as 1s well known by those skilled 1n the art)
(F1G. 1B). The conversion manager 14 queries the NEs 10 for
the state of their cross-connects or other circuit information
stored at the NEs. This operation may be performed in the
same manner that a NMS gathers information from NEs, for
example. The conversion manager 14 receives topology
information (e.g., topology map) 18 from the NEs 10 and
cach NE preferably maintains a list of all the conversion
manager systems registered with the NE. As the conversion
manager 14 recerves pieces of cross-connect and circuit infor-
mation from the NEs 10, the conversion manager splices
these pieces together and constructs representations of net-
work circuits 1n a form which makes 1t easy for a user to trace
cach circuit from its source NE through intermediate NEs to
a destination. A graphical user iterface (GUI) module 22
displays the circuits on a computer screen 24. Input device 26
(e.g., keyboard, mouse) allows the user to 1ssue commands
via the GUI 22 to configure circuits 1n the network. The GUI
module 22 may include, for example, an HI'TP browser
executing a Java applet loaded from one of the NEs 10. The
browser provides the user interface, and the applet may
implement various functions. A wizard 28, described 1n detail
below, may be used to guide a user through a network upgrade
using the system of the present invention. The wizard 28 1s
described herein as being run on a conversion manager 14,
however, 1t 1s to be understood that the wizard may be run on
a user computer that operates as a typical NMS or any other
network device that 1s in communication with the circuits to
be upgraded and contains information regarding the circuits
and connecting nodes.

The conversion manager (user) computer 14, may be a
stand-alone desktop computer, laptop computer, or other suit-
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able communication device. The computer may include, for
example, a CTC (Cisco Transport Controller), available from
Cisco, Systems, Inc. or other sub-network 1nterface tool that
can be used for node control. The conversion manager 14 may
be implemented by object oriented software using CORBA
(Common Object Request Broker Interface) or other appro-
priate software. The NE 10 and conversion manager 14
include a processor 30 and memory 32 and may be imple-
mented on a computer system such as described below with
respect to FI1G. 28, for example.

The method and system described herein 1s used to upgrade
(modily, convert) various types of circuits. After the upgrade
1s performed, the circuit may have the same paths, bandwidth,
and source and destination nodes, or one or more of these may
be changed. The upgraded circuit may or may not have a new
topology. While 1n a preferred embodiment, the upgraded
circuit has increased protection (e.g., unprotected circuit
changed to a protected circuit ora UPSR changed to a BLSR),
it 1s to be understood that the upgraded circuit may also have
less protection than the ongmal circuit. The upgrade 1s per-
tformed without losing traffic on existing circuits (1.e., net-
work tratfic 1s not affected for any significant amount of tlme)
The network nodes and links may be reconfigured during the
upgrade and the type of protection used may be changed. The
system and method may be used, for example, to upgrade a
linear circuit (1.e., network configuration that has no rings for
protection and all network links are either unprotected or 1+1
protected) to a UPSR (unidirectional path switched ring) or
BLSR (bi-directional line switched ring) or upgrade a UPSR/
SNCP (sub-network connection protection) to a 2F-BLSR/
MSSP (multi-service switching platform)). A 2F-BLSR/
MSSP may also be converted to a 4F-BLSR/MSSP. The
system may also be used to add or delete nodes to or from a
circuit and merge rings with unprotected circuits or other
rings.

More specifically, the following conversions may be per-
formed: linear unprotected circuit to UPSR/SNCP; linear 1+1
to BLSR/MSSP:; linear 1+1 to 2F-BLSR/MSSP:; linear 1+1 to
4F-BLSR/MSSP; UPSR/SNCP to 2F-BLSR/MSSP; UPSR/
SNCP to 4F-BLSR/MSSP; and 2F-BLSR/MSSP to
4F-BLSR/MSSP. The system may also be used to delete
nodes, add nodes, or merge rings. For example, the following
modifications to circuits may be performed: add node to
BLSR/MSSP; delete node from BLSR/MSSP; add node to
UPSR/SNCP/PPMN (Path Protected Mesh Network); delete
node from UPSR/SNCP/PPMN; add node to linear 1+1;
delete node from linear 1+1; and merge UPSR/SNCP rings.
The following provides specific examples of some of these
circuit conversions. It 1s to be understood that the circuit
modifications (upgrades, conversions) described herein are
only provided as examples and that diil

erent circuit modifi-
cations may be implemented without departing from the
scope of the invention.

The first conversion example 1s a linear 1+1 protected
topology with 2 or more nodes mto a UPSR/SNCP topology.
The UPSR may be a bi-directional connection with one bi-
directional path that 1s brndged to two paths 1n one direction,
and selects from the same two paths 1n the other direction.
This 1s a topology-level conversion so that all circuits travers-
ing the topology are affected by this single conversion opera-
tion. The conversion of a linear circuit to UPSR/SNCP does
not require new spans to be added to the topology. The set of
nodes that make up the linear topology under conversion may
be only a subset of all the nodes in the network. Thus, only a
subset of a network may be converted, rather than the entire
network. A given affected circuit may enter the topology at
any node and exit at any node. Likewise, a given aflected
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circuit may have a source or destination end point at any node
in the topology. Thus, a circuit may start or end from outside
the scope of the topology or from within.

Selectors and bridges and their corresponding additional
paths are added to the circuit connections without a ectmg
traffic. The number and positioning of network spans 1n the
topology remains unchanged during and after the conversion.
The working and protect spans of the 1+1 links become
working and protect UPSR links. Thus, a two-way connection
with paths A and B 1s converted to a UPSR connection with
paths A, B, and C. A 3-node linear 1+1 topology (A-B-C)
becomes a 3-node topology with 2 adjacent interconnected
UPSR/SNCP rings: ring AB and ring BC.

FIGS. 2A, 2B, 3, and 4 illustrate a sample conversion of
linear 1+1 circuits to a UPSR/SNCP for a bi-directional cir-
cuit and unidirectional circuit, respectively. FIGS. 2A and 3
show the topology before the conversion and FIGS. 2B and 4
show the topology after the conversion.

Referring now to FIG. 2A, the original circuit prior to
conversion 1s shown to be a 3-node linear 1+1 segment of a
bi-directional circuit. The circuit contains two two-way con-
nections (1.e., a bi-directional connection with two paths).
The circuit segment to the left of the two-way connections (as
viewed 1n FIG. 2A) 1s UPSR protected. It may be the head or
drop end of a UPSR/SNCP ring and contains a bi-directional
connection with one bi-directional path that 1s bridged to two
paths 1n one direction and selects from the same two paths 1n
the other direction. As shown 1n FIG. 2B, the converted circuit

includes an interconnection between two UPSR rings (1den-
tified in FI1G. 2B as UPSR_UPSR) and the head or drop end of

a UPSR/SNCP ring (UPSR). In each direction, the two paths
flow 1nto a selector whose output path 1s bridged to two paths.

FIGS. 3 and 4 illustrate conversion of a linear 1+1 unidi-
rectional circuit to a UPSR/SNCP. FIG. 3 shows a 3-node
linear 1+1 segment of a unidirectional circuit. The unidirec-
tional circuit may have multiple drops placed anywhere along,

the circuit path. The linear 1+1 circuit segment 1s adjacent to
a UPSR segment (1dentified as UPSR_HEAD 1n FIG. 3). The

UPSR _HFEAD 1s the head end of a unidirectional UPSR/
SNCP ring and has a unidirectional connection with one input
path that 1s bridged to two (or more) output paths. The circuit
may also have two drops coming oif of the rightmost node 1n
the segment 1nstead of the UPSR. As shown 1n FIG. 4, the
converted circuit includes a UPSR head end (UPSR_HEAD)
and two UPSR drop-and-continue connections (identified as
UPSR_DC). The UPSCR_DC 1s a connection with two bi-
directional paths (similar to a two-way connection), but each
path also flows to a selector. The selector has one (or more)
umidirectional output paths.

The linear circuit to UPSR/SNCP conversions described
above mvolve altering multiple connections along the circuit
path of each affected circuit. If a failure occurs which inter-
rupts the conversion process, the system will allow the user to
undo the partial conversion or finish the conversion process.
In order to provide this error recovery, state 1s maintained at
cach node (connection) during the conversion process, as
described 1n detail below.

The next conversion example 1s a linear unprotected circuit
to a UPSR/SNCP. This conversion 1s similar to the linear 1+1
to UPSR/SNCP conversion discussed above, except that the
alternate UPSR/SNCP path 1s not explicitly defined by 1+1
protect spans. Thus, an alternate route must be calculated. The
conversion 1s preferably performed only at the circuit level,
with only one circuit being converted at a time. An alternate
path for the circuit under conversion 1s preferably routed
automatically by the system, but may also be routed manually
by the user. Once the route 1s obtained, circuit connections are
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created on any intermediate nodes 1n the alternate path. Exist-
ing circuit connections on the original circuit path are modi-
fied, as 1n the case of linear 1+1 to UPSR/SNCP upgrades

described above.

FIGS. 5 and 6 illustrate an unprotected circuit to UPSR/
SNCP conversion. A linear unprotected segment from node A
to node B (FIG. §) 1s converted to a UPSR/SNCP made up of
nodes A, B, and C (FIG. 6). The conversion 1s performed by

adding an alternate route through existing node C (shown 1n
phantom in FIG. §), which 1s added to the circuit (FIG. 6).

In order to provide for error recover during conversion of
an unprotected circuit to a UPSR, the nodes within the circuit
are provided persistent topology (circuit) upgrade objects to
store the state of an 1n service topology (circuit) upgrade.
These topology upgrade objects help the client to recover
upon a loss of connection or an abnormal termination of the
client. FIG. 7 illustrates how the topology upgrade objects,
during conversion from an unprotected two-way circuit to
UPSR, are created at only some of the nodes within the
circuit. FIG. 7 shows a network having a two way circuit from
node A to node C (through node B) and a new protect path for
the two way circuit from node A to node C (through nodes D,
E, and F). The topology upgrade objects (1TU Obj.) are created
only on nodes A and C. If the conversion process 1s terminated
before 1t 1s completed (e.g., by the client or due to a system,
network, or link failure), the topology upgrade objects will
save the last state. These objects will show 1t the topology
upgrade was completed on these nodes. If even one of the
objects (on different nodes) has been converted then the client
can proceed with the topology upgrade for the rest of the
objects. IT none of these objects are converted then the client
can delete all the topology upgrade objects and restart the
upgrade.

FIG. 8 illustrates upgrade from an unprotected one-way
circuit to a UPSR. The network 1s similar to the one shown 1n
FIG. 7, except that the path from node A to node C 1s a
one-way circuit. In this example, the topology upgrade
objects are created on nodes A, B, and C.

FIG. 9 1s a flowchart illustrating a process of the present
invention for converting a linear unprotected circuit to UPSR/
SNCP. At step 40, an alternate path 1s first 1dentified. An
alternate circuit 1s then created (step 42). A topology upgrade
object 1s created on source and destination nodes (step 44).
The object on the source node 1s set at PENDING_CREATE
and the object on the destination node 1s set at PENDIN-
G_UPGRADE. If the circuit 1s unidirectional then a topology
upgrade object 1s created on intermediate nodes along the
existing circuit path between the source and destination nodes
and the source node topology upgrade object state 1s changed
from PENDING_CREATE to PENDING_UPGRADE (steps
46 and 48). If the circuit 1s umdirectional then a topology
upgrade 1s performed on intermediate nodes along the exist-
ing circuit path (step 50) and the connection 1s changed from
one-way to two-way (step 52). A topology upgrade 1s per-
formed on the source and destination nodes at step 54. A
circuit merge 1s performed and the topology upgrade objects
are deleted on the source and destination nodes (step 56).

The following describes conversion of a linear 1+1 circuit
to BLSR/MSSP. A linear 1+1 network with 2 or more nodes
can be converted to a 2F-BLSR/MSSP or 4F-BLSR/MSSP
network. Conversion of a linear 1+1 to 4F-BLSR/MSSP
requires more spans to be added than conversion to a
2F-BLSR/MSSP. The circuit connections (cross-connects)
need not be modified at the NE since the circuit path and its
connections do not change, only the underlying line-level
protection changes.
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Next, examples are provided for conversion of UPSR/
SNCP to BLSR/MSSP. During UPSR to BLSR conversion,
all circuits on a given ring are automatically converted. For
example, when a UPSR/SNCP ring 1s converted to 2F-BLSR/
MSSP the arrangement of the ring nodes and spans remains
unchanged. Circuits are converted from path protection to
line protection. Only a primary path through the ring 1is
needed, so the alternate UPSR/SNCP path 1s removed. This 1s
a topology-level conversion so that all circuits traversing the
topology are affected by this single conversion operation. The
set of nodes that make up the UPSR/SNCP topology under
conversion may be only a subset of all the nodes in the
network. Thus, 1t 1s not the entire network that 1s being con-
verted, but only a specific subset of the network. A given
alfected circuit may enter the topology at any node and exit at
any node. Likewise, a given affected circuit may have a
source or destination endpoint at any node 1n the topology,
thus, a circuit may start or end from outside the scope of the
topology or from within.

Circuit connections with bridges and selectors are modi-
fied at the NE. Selectors and bridges and their corresponding
additional paths are removed from the circuit connections
(without affecting traific). For example, a UPSR connection
with paths A, B, and C will be converted to a two-way con-
nection with paths A and B. Also, for unidirectional circuits,
two-way connections are converted to one-way connections.
If the UPSR/SNCP rings are not explicitly defined, the rings
must first be 1dentified for the conversion takes place.

FIGS. 10-17 illustrate examples for converting UPSR to
BLSR. FIGS. 10 and 11 1illustrate UPSR/SNCP to BLSR/
MSSP conversion for a bi-directional circuit. FIGS. 12 and 13
illustrate UPSR/SNCP to BLSR/MSSP conversion for a bi-
directional circuit extending to other UPSR rings. FIGS. 14
and 15 illustrate UPSR/SNCP to BLSR/MSSP conversion for
a umdirectional circuit. FIGS. 16 and 17 illustrate UPSR/
SNCP to BLSR/MSSP conversion for a unidirectional circuit
extending to other UPSR rings. FI1GS. 10, 12,14, and 16 show
the topology before the conversion and FIGS. 11,13, 15, and
17 show the topology after the conversion 1s performed. In a
UPSR/SNCP to BLSR/MSSP conversion, the shorter path 1s
retained and connections and UPSR selectors on the other
path are removed (FIGS. 10-17).

Conversion of UPSR/SNCP to 4F-BLSR/MSSP 1s similar
to converting a UPSR/SNCP ring to 2F-BLSR/MSSP. How-
ever, more spans (fibers) must be added to achieve a 4-fiber
ring.

As discussed above, the conversion process for UPSR/
SNCP to BLSR/MSSP 1nvolves altering multiple connections
along the circuit path of each affected circuit. If a failure
occurs, which interrupts the conversion process, the system
provides a mechanism by which the partial conversion can be
reversed or completed. In order to provide for error recovery,
the state at each node (connection) 1s preferably retained
during the conversion process.

FIG. 18 1llustrates location of topology upgrade objects for
conversion from a UPSR two-way circuit to BLSR. The net-
work shown in FIG. 18 includes a two-way UPSR circuit
from node A to node C (through node B), which 1s to be
retained 1n the BLSR circuit, and a two-way UPSR circuit
from node A to node C (through nodes D, E, and F), which
will be deleted 1 the BLSR conversion. The topology

upgrade objects are created on the nodes that are part of the
UPSR path that needs to be deleted or modified (1.e., path

A-D-E-F-C).

FIG. 19 shows the locations of the topology upgrade
objects for a UPSR one-way circuit to BLSR conversion. The
path from node A to node C (through node B) of the one-way
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UPSR circuit 1s retained 1n the BLSR circuit. The path from
node A to node C (through nodes D, E, and F) of the one-way
UPSR circuit 1s deleted during the BLSR conversion. The
topology upgrade objects are created on all the nodes. The
topology upgrade object 1s created on node B since the con-
nection type changes from two-way to one-way.

FI1G. 20 1s a flowchart illustrating a process of the present
invention for converting UPSR to BLSR. At step 60, an alter-
nate path that needs to be deleted 1s first identified. The traffic
on the identified path 1s then switched to other paths (step 62).
Topology upgrade objects are created on the source and des-
tination nodes (step 64). The object on the source node 1s set
at PENDING_CREATE and the object on the destination
node 1s set at PENDING UPGRADE. It the circuit 1s unidi-
rectional then a topology upgrade object 1s created on work-
ing path intermediate nodes between the source and destina-
tion nodes (steps 66 and 68). The states for the objects on the
intermediate nodes are set at PENDING_UPGRADE. Topol-
ogy upgrade objects are created on each node along the alter-
nate path (step 70). The source topology upgrade object state
1s then changed to PENDING_UPGRADE (step 72). A topol-
ogy upgrade operation 1s performed on alternate path nodes at
step 74 and the connection 1s destroyed along with the topol-
ogy upgrade object. I the circuit 1s unidirectional, a topology
upgrade operation 1s performed on working path intermediate
nodes and the connection 1s changed from two-way to one-
way (steps 78, 80, and 82). A topology upgrade operation 1s
then performed on the source and destination nodes, the path
1s removed from connection, and the topology upgrade
objects are destroyed (steps 84 and 86).

FI1G. 21 1s a flowchart illustrating a process of the present
invention for error recovery 1in an UPSR/SNCP to 2F-BLSR/
MSSP conversion. A conversion object which has reference
to the circuit 1d, cross-connect, a list of paths after conversion,
old connection type, new connection type, and the state of
conversion stage, 1s created on each node (step 90). The
shortest paths that the circuit will be converted to are then
identified (step 92). On the pair of USPR selectors or bridge
that forms the two ends of the shortest paths, a conversion
object 1s created with state set to PENDING_CREATE for
one and PENDING_UPGRADE for the other (step 94). A
protection operation 1s performed to switch traific onto the
shortest paths (step 96). Next, going along the longest paths,
conversion objects are created on each node 1n the path with
state set to PENDING_UPGRADE (step 98). For a unidirec-
tional circuit, the shortest path 1s also traversed, for any node
on the path that either needs to change the connection type
from TWOWAY->ONEWAY or UPSR_DC->ONEWAY, a
conversion object 1s created with the state set to PENDIN-
G_UPGRADE (steps 100 and 101). One of the selectors of
the pair that has its state set to PENDING_CREATE 1s revis-
ited and the state 1s changed to PENDING_UPGRADE (step
102). The connection conversion 1s then ready to start. Going
along the longest paths, each node on the paths requests 1ts
conversion object to destroy cross-connect and at the same
time destroy itself (step 104). Then going along the shortest
paths, each node on the paths that has a conversion object
created, requests the conversion object to convert the connec-
tion type and to destroy itself (step 106). Finally, the pair of
selectors making the ends of longest/shortest paths requests
the conversion objects to convert the connection and destroy
itsell (step 108).

If a failure occurs (e.g., system controller crashes) after
step 92, the controller 1s simply restarted. If the controller
crashes atter steps 94 or 96, the controller 1s restarted and one
of the selectors should be 1n the state of PENDING_CRE-

ATE. The process can be continued from step 96, 11 traific has
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not been switched to the shortest path completely or from step
98 11 switching has been completed. If the controller crashes
alter step 101, or in the middle of steps 98 or 101, the process
continues with steps 100 and 102 until the state of PEND-
ING_CREATE 1s changed to PENDING_UPGRADE, which
marks that error recovery preset has been completed This 1s
possible since, after restart, one of the selectors remains 1n the
PENDING_CREATE state and the system knows that 1t has
not finished creating conversion objects on the aflecting
nodes. IT the controller crashes on steps 102,104,106, or 108,
the information can be retrieved and the necessary operations
completed (1.e., either destroy connection or modily connec-
tion).

The upgrade (conversion) examples described above are
preferably performed automatically after receiving user input
on the type of upgrade to be performed and 1dentification of
the circuits or spans for the upgraded circuit. The system does
not require input from the user on modifications for each of
the nodes on the circuit. This eliminates the need for manual
modification at each node involved 1n the circuit upgrade and
manual checks at each step of the upgrade process. After
receiving 1mput from the user, the system automatically per-
forms the upgrade. The automatic upgrade may include
pauses to allow confirmation by the user that he wants to
continue, or confirmation that no alarms have been raised, for
example.

It 1s desirable to have a GUI and wizard that guide a user
through each step and provide a network view of the upgrade.
The GUI and wizard provide a network or circuit view of the
upgrade so that the user can automatically perform and track
the upgrade on the entire circuit rather than having to modify
and manually track the upgrade on each individual node. The
upgrade may be performed, for example, under control of a
CTC, as previously described. For each circuit, the conver-
sion manager system 14 (NMS or user computer) preferably
includes circuit information, including for example, circuit
name (circuit ID), circuit type (e.g., STS, VI, HOP), circuit
s1ze (e.g., STS-1, STS-3, VC4, V1), protection (e.g., unpro-
tected, SNCP), direction (e.g., one-way, two-way), status
(e.g., active, discovered), source (source NE of circuit), and
destination (destination NE of circuit). The GUI may be con-
figured for example, to display various circuits so that a user
can select circuits for the topology conversion.

In one embodiment, the GUI includes a pull down menu
that lets the user select the type of conversion or upgrade (e.g.,
convert UPSR to BLSR or convert unprotected circuit to
UPSR). The circuit to be upgraded can then be selected from
a list of circuits within the network stored on the user com-
puter. The GUI may also include a window listing routing
preferences (e.g., option for reviewing route before upgrade
or specilying routing direction). The user can also select
whether nodal diversity 1s required or desired, or request link
diversity only. The user 1s then presented spans to select for
the UPSR. After the user selects the spans and instructs the
system to perform the upgrade, the conversion 1s automati-
cally completed.

In another embodiment, the user selects from a pull down
menu conversion of SNCP to MS-SPRing or unprotected to
SNCP. The user 1s then presented a window to define the
BLSR (MSSPR). For example, the user can specily a 2-fiber
or 4-fiber ring, speed (e.g., STM64), ring name (e.g.,
BLSR1), ring reversion or span reversion. The user 1s then
presented with a graphical overview of the relevant portion of
the current network topology and selects the spans for the
BLSR (MSSPR). The system then automatically forces traflic
to the shortest SNCP paths. If no service affecting alarms are
raised, the user can 1nstruct the system to complete the con-
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version. Trailic may be unprotected for a brief moment during,
the conversion from UPSR to BLLSR, however, this does not
significantly affect network traific.

It 1s to be understood that the GUI and wizard described
herein are only examples, and that difierent types of wizards
or GUIs may be used without departing from the scope of the
invention.

FI1G. 22 shows a system block diagram of computer system
120 that may be used to execute software of an embodiment
of the mmvention. The computer system 120 includes memory
142 which can be utilized to store and retrieve software pro-
grams ncorporating computer code that implements aspects
of the invention, data for use with the invention, and the like.
Exemplary computer readable storage media include CD-
ROM, floppy disk, tape, flash memory, system memory, and
hard drive. Additionally, a data signal embodied in a carrier
wave (e.g., 1n a network including the Internet) may be the
computer readable storage medium. Computer system 120
turther includes subsystems such as a central processor 140,
fixed storage 144 (e.g., hard drive), removable storage 146
(c.g., CD-ROM drive), and one or more network interfaces
154. Other computer systems suitable for use with the inven-
tion may 1include additional or fewer subsystems. For
example, computer system 120 may include more than one
processor 140 (1.e., a multi-processor system) or a cache
memory. The computer system 120 may also include a dis-
play, keyboard, and mouse (not shown) for use as a host.

The system bus architecture of computer system 120 1s
represented by arrows 160 in FI1G. 22. However, these arrows
are only 1llustrative of one possible interconnection scheme
serving to link the subsystems. For example, a local bus may
be utilized to connect the central processor 140 to the system
memory 142. Computer system 120 shown in FIG. 22 1s only
one example of a computer system suitable for use with the
invention. Other computer architectures having different con-
figurations of subsystems may also be utilized. Communica-
tion between computers within the network 1s made possible
with the use of communication protocols, which govern how
computers exchange information over a network.

Although the present mmvention has been described 1in
accordance with the embodiments shown, one of ordinary
skill 1n the art will readily recogmize that there could be
variations made to the embodiments without departing from
the scope of the present invention. Accordingly, 1t 1s intended
that all matter contained in the above description and shown
in the accompanying drawings shall be interpreted as 1llus-
trative and not 1n a limiting sense.

What 1s claimed 1s:

1. A method for performing a circuit upgrade in a Synchro-
nous Optical Network (SONET) communication network
comprising network elements coupled together to form one or
more circuits, the circuit upgrade generated at a node in
communication with the circuits and providing increased pro-
tection, the method comprising:

providing at the node a list of circuits or spans available for

the circuit upgrade;

receiving iput from a user identifying at least one existing

circuit to be upgraded or at least one span for the
upgraded circuit and a type of upgrade to be performed;
and

automatically performing the circuit upgrade to increase

protection of said existing circuit, the upgraded circuit
comprising a unidirectional path switched ring (UPSR)
or a bi-directional line switched ring (BLSR), wherein
automatically performing the circuit upgrade com-
prises:
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identifying an alternate path for use in the circuit
upgrade;

creating an upgrade object at a source node and a desti-
nation node 1n the circuit to be upgraded and at least
one node 1n said alternate path, said upgrade object
comprising a state of a process of the circuit upgrade
and old and new connection types identitying the

network element connection types before and after
the circuit upgrade; and

changing said state of at least one of said upgrade
objects.

2. The method of claim 1 wherein automatically perform-
ing the circuit upgrade comprises performing the upgrade
without receiving mput from the user on specific modifica-
tions for each of the nodes 1n the one or more circuits.

3. The method of claim 1 wherein automatically perform-
ing the circuit upgrade comprises presenting a network view
of the circuit prior to and after the circuit upgrade.

4. The method of claim 1 wherein the upgrade 1s from an
unprotected circuit to a UPSR.

5. The method of claim 4 wherein receiving imput from a
user comprises recetving information on spans selected for
the UPSR.

6. The method of claim 1 wherein the upgrade 1s from a
UPSR to a BLSR.

7. The method of claim 1 wherein the upgrade 1s from a
UPSR to a 2F-BLSR.

8. The method of claim 7 wherein all UPSR circuits on a
ring are converted to BLSR circuits.

9. The method of claim 1 further comprising receiving an
error during the upgrade and either returning the network to
its original state or completing the circuit upgrade, based on
user selection.

10. The method of claim 1 further comprising utilizing said
topology upgrade objects to convert a connection type at the
network element.

11. The method of claim 1 further comprising changing a
connection from one-way to two-way or from two-way to
one-way during the upgrade.

12. The method of claim 1 further comprising presenting a
graphical user interface to the user for identitying the circuits
or spans and the type of circuit upgrade.

13. The method of claim 12 further comprising running a
wizard for presenting options to the user.

14. The method of claim 1 further comprising automati-
cally finding a shortest path for each of the circuits involved 1n
the upgrade.

15. The method of claim 14 further comprising automati-
cally forcing traflic to the shortest path in the circuit upgrade.

16. The method of claim 135 fturther comprising mstructing
the user to check for alarms after traffic 1s forced to the
shortest path.

17. The method of claim 1 further comprising recerving
input from the user identiiying said alternate path.

18. The method of claim 17 wherein the type of circuit
upgrade to be performed, the spans for the new circuit, and the
alternate path are the only input required by the user.

19. The method of claim 1 further comprising providing
continuous service within the network during the upgrade
pProcess.

20. The method of claim 1 further comprising performing,
a circuit merge and deleting said upgrade object.

21. A system for performing a circuit upgrade in a Syn-
chronous Optical Network (SONET) communication net-
work comprising network elements coupled together to form
one or more circuits, the conversion being circuit upgrade
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generated at a node 1n commumnication with the circuits and
providing increased protection, the system comprising:

a graphical user interface operable to provide to a user at
the node a list of circuits or spans available for the circuit
upgrade and recerve input from a user identilying at least
one circuit to be upgraded or at least one span for the
upgraded circuit and a type of upgrade to be performed;
and

a processor operable to automatically perform the upgrade
at a circuit level to provide increased protection, wherein
automatically performing the circuit upgrade comprises
identifying an alternate path for use i1n the circuit
upgrade, creating an upgrade object at a source node and
a destination node 1n the circuit to be upgraded and at
least one node 1n said alternate path, and changing a state
of at least one of said upgrade objects, said upgrade
object comprising a state of a process of the circuit
upgrade and old and new connection types identifying
the network element connection types before and after
the circuit upgrade;

the upgraded circuit comprising a unidirectional path
switched ring (UPSR) or a bi-directional line switched
ring (BLSR).

22. The system of claim 21 wherein the processor 1s oper-
able to automatically perform the upgrade without atfecting
service within the network.

23. The system of claim 21 wherein the graphical user
interface 1s configured to present a network view of the circuit
to the user to allow the user to track the circuit upgrade.

24. The system of claim 21 wherein the circuit upgrade 1s
from an unprotected circuit to a UPSR.

25. The system of claim 21 wherein the circuit upgrade 1s
from a UPSR to a BLSR.

26. The system of claim 21 further comprising an error
recovery system configured to allow for completion of the
upgrade following an error during the upgrade.

27. The system of claim 26 wherein the error recovery
system 15 operable to create said upgrade objects on one or
more of the network elements traversed by one or more cir-
cuits being upgraded to identify the state of the circuit
throughout the upgrade.

28. The system of claim 21 further comprising a wizard for
presenting options to the user.

29. The system of claim 21 wherein said upgrade object
turther comprises a circuit identifier.

30. The system of claim 21 wherein the circuit upgrade 1s
from a UPSR to a 4F-BLSR.

31. A computer-readable storage medium encoded with a
computer program for performing an upgrade in a Synchro-
nous Optical Network (SONET) communication network
comprising network elements coupled together to form one or
more circuits, the circuit upgrade generated at a node in
communication with the circuits and providing increased pro-
tection, the computer program comprising:

code for providing at the node a list of circuits or spans
available for the circuit upgrade;

code for recerving input from a user identifying at least one
existing circuit to be upgraded or at least one span for an
upgraded circuit and a type of upgrade to be performed;

code for automatically performing the upgrade to increase
protection of said existing circuit, the upgrade circuit
comprising umdirectional path switched ring (UPSR) or
a bi-directional line switched rnng (BLSR), wherein
code for automatically performing the circuit upgrade
COmprises:
code for identifying an alternate path for use in the
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code for creating an upgrade object at a source node and
a destination node 1n the circuit to be upgraded and at
least one node 1n said alternate path, said upgrade
object comprising a state ol a process of the circuit
upgrade and old and new connection types identifying
the network element connection types before and
after the circuit upgrade; and

code for changing said state of at least one of said
upgrade objects.

32. The computer-readable storage medium of claim 31
wherein the computer readable medium 1s selected from the
group consisting of CD-ROM, floppy disk, zip disk, tape,
flash memory, system memory, and hard drive.

33. The computer-readable storage medium of claim 31
wherein the upgrade 1s from an unprotected circuitto a UPSR.

34. The computer-readable storage medium of claim 31
wherein the upgrade 1s from a UPSR to a BLSR.

35. The computer-readable storage medium of claim 31
further comprising code that runs a wizard on the node for
presenting options to the user.

36. The computer-readable storage medium of claim 31
turther comprising code that presents a network view of the
upgrade to the user at the node to allow the user to track the
upgrade.

37. The computer-readable storage medium of claim 31
further comprising code that automatically finds a shortest
path for each of the circuits mvolved 1n the upgrade.

38. The computer-readable storage medium of claim 37
turther comprising code that automatically forces traflic to

the shortest path 1n the circuit upgrade.

39. A system for performing an upgrade 1n a Synchronous
Optical Network (SONET) communication network com-
prising network elements coupled together to form one or
more circuits, the circuit upgrade generated at a node in
communication with the circuits and providing increased pro-
tection, the system comprising:

means for providing at the node a list of circuits or spans

available for the upgrade;

means for recerving input from a user 1dentifying at least
one existing circuit to be upgraded or at least one span
for the upgraded circuit and a type of upgrade to be
performed; and

means for automatically performing the upgrade to
increase protection of said existing circuit, the upgraded
circuit comprising a umdirectional path switched ring
(UPSR) or a bi-directional line switched ring (BLSR),
wherein means for automatically performing the
upgrade comprises:

means for identifying an alternate path for use in the
circuit upgrade;

means for creating an upgrade object at a source node
and a destination node 1n the circuit to be upgraded
and at least one node in said alternate path, said
upgrade object comprising a state of a process of the
circuit upgrade and old and new connection types

identifying the network element connection types
before and after the circuit upgrade; and

means for changing said state of said upgrade object as
the circuit upgrade 1s performed on the network ele-
ment.

40. The system of claim 39 further comprising means for
storing information on network elements and circuits con-
taining the network elements.
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